(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
6 December 2001 (06.12.2001) 




PCT 



i mi inn ii miEi urn nn i d di iin inn 11 hid ii« urn mi nil nil 

(10) International Publication Number 

WO 01/92644 Al 



(51) International Patent Classification 7 : E02B 9/08, 
F03B 13/12 

(21) International Application Number: PCT/DK0 1/003 17 

(22) International Filing Date: 8 May 2001 (08.05.2001) 

(25) Filing Language: Danish 

(26) Publication Language: English 



(30) Priority Data: 
BA 2000 00162 
BA 2000 00163 
PA 2001 00573 



8 May 2000 (08.05.2000) DK 

8 May 2000 (08.05.2000) DK 

9 April 2001 (09.04.2001) DK 



(71) Applicants and 

(72) Inventors: HANSEN, Niels, Arpe [DK/DK1; Gr0n- 
landsparkcn 88 C, DK-6715 Esbjcrg N (DK). HANSEN, 
Keld [DK/DKJ; Hovcdgadcn 63, DK-6621 Gcstcn (DK). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 



CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR. LS, LT, LU, LV, MA, MD. MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SO, SB, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN. YU, ZA, 
ZW. 

(84) Designated States (regional)'. ARIPO patent (GH, GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT. BE, CH, CY, DE, DK, ES, 11, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NH, SN, TD, TG). 

Declaration under Rule 4.17: 

— of inventorship (Rule 4. 1 7(iv))for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: WAVEPOWERMACH1NE 



® ® ® 

- v 1 




jrnrev shift t 



OS 



O 



(57) Abstract: The wave force machine as such is constructed in such a way that it is capable of utilising the upward force from the 
waves with (Fig. 1 ) the force from float (1 ) and rocker arm (3) via rocker arm pipe (4), wherein 1 or more lock bearings are provided, 
which transfer the upward force causing the driving force shaft (8) to rotate in the same direction. On each driving force shaft (8) 
may be one after the other of mounted float, rocker arm and rocker arm pipe with lock bearings after the other, and several driving 
force shafts (Fig. 6) (6.7,8 and 9) may be interconnected both horizontally and vertically to toothed wheel (1, 2, 3, 10, 1 1, 12, 13 and 
14) shown here with 4 driving force shafts, but in principle any number of shafts may be interconnected. The total force from the 
driving force shafts may be brought to gearbox and electric generator and used in electricity production. 3 wave force machines may 
e.g. be interconnected to form e.g. a star, so that the force from 3 wave force machines may be gathered in the star point, wherein 
gearbox and electric generator are posltioned,(cf. Fig. 9). Alternatively, several star points are interconnected, as shown in to from 
e.g. a hexagon. 
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Wavepowermachine 
The present invention relates to a wave force system comprising floats on rocker arms 
ending in rocker arm pipes, wherein lock bearings are provided, mounted on one or more 
force shafts attached to concrete pillar, boat or the like and interconnected to allow the 
total force to be transferred to gearbox and electric generator, for use in seas, lakes, 
5 oceans and other water reservoirs with upward and downward wave movements, the pur- 
pose of which being that the force shaft constantly rotates and transfers the force to gear* 
box and generator capable of producing electricity. Alternatively, the wave force machine 
may be equipped with blade arms Pig. 17. This model may be positioned in waters with 
much current, e.g. in Lilleba&lt, or In rivers or similar places, 

10 

The wave force machine comprises an electric hoist, wherein the electric motor of the 
electric hoist is activated from control box, the rocker arms being raised from the water 
either if the wind is too strong, the waves are too high, the water temperature Is too low, 
the gear or generator temperature is too high, or during repairs of the wave force system 
1 5 or other things, and the wave force machine Interrupts production. 

The wave force machine may be set up on concrete blocks or adjustable feet at the bot- 
tom of the sea or may be mounted on a floating object (e.g. a boat), or the like, 

20 In previous, known floats on rocker arms, this force was transferred to hydraulics, air 
pressure or filling of liquid. This invention gathers several floats and rocker arms and their 
upward force on one or more force shafts that Is/are attached to concrete pillars, boat or 
the like, that rotate in the same direction as and are Interconnected by means of toothed 
wheels. 

25 

Machine casing with toothed wheels, gearbox, control box and electric generator is water- 
tight, as are all movable parts, between rocker arms. The toothed wheels placed at the 
end of the driving force shafts are also placed in a watertight casing. 

30 According to the invention the wave force machine is characterised in that the floats at- 
tached to the rocker arms and ending in the rocker arm pipes, wherein the lock bearings 
are provided, are capable of transferring the upward force from the wave to the force shaft 
to make the latter turn. This downward movement is subject fo free-wheeling. 
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The machine is constructed to be so long that It is situated over at least 2 waves, which 
mean6 that floats are moving upward all the time causing the force shaft to rotate con- 
stantly. 

5 The wave force machine is characterised in that one float on rocker arm and rocker arm 
pipe with lock bearings after the other may be placed on the same driving force shaft, and 
several systems of driving force shafts may be interconnected, and since the entire ma- 
chine is so long that at least 2 wave crests are moving through the machine, this will 
cause the driving force shafts to rotate In the same direction ail the time. 

10 

One or more driving force shafts can be interconnected both horizontally and vertically by 
means of toothed wheel on each wave force machine, and the total force can be utilized 
in gearbox and electric generator (Fig. 4). Four force shafts are shown in the drawing, but 
in principle six or any other combination of shafts can be provided. 

15 

Several wave force machines can be interconnected to form e.g. a star, in which the force 
shafts of the 3 wave force machines are joined and e.g. a gearbox and an electric gen- 
erator are provided, or to form larger entitles such as a hexagon (Fig. 20) or any other 
combination. By means of such combinations, reductions can be made with respect to 
20 concrete pillars, gearboxes and electric generators. 

The electric hoist Is also characterised in that when activated by a signal from the control 
box, the electric hoist can, by means of wires, raise the rocker arms from the water, a 
feature not seen previously, in order that the wave force machine is not destroyed during 
25 storm, ice formation or other conditions that would otherwise destroy the wave force ma- 
chine. Simultaneously, the rocker arms can be raised from the water and the machine will 
stand still during e.g. repairs or service inspections. 

The rocker arms are mounted with balance weight, allowing the entire buoyancy, and 
30 hence force, of the float to be utilized on the upward rocker arm. Free-wheeling occurs on 
the movement of the downward rocker arm. 



When several wave force machines are Interconnected to form e.g. a star or e.g. larger 
entities such as a hexagon or any other combination, a motor declutching of each force 
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shaft may be established in each centre of force, thus allowing the gearbox and electric 
generator to be declutched e.g. during repairs. 

The wave force machine is provided with float, rocker arm and rocker arm pipe (Fig. 14), 
5 wherein rocker arm pipe is constructed In such a way that it is made up of 2 halves sepa- 
rable during e.g. repairs of driving force shaft, bearings or other things. Each bearing is 
also separable. 

The wave force machine is constructed in such a way that one or more gear locking arms 
10 (Fig. 18) is/are provided within each rocker arm pipe, each gear locking arm being at- 
tached to driving force shaft 1 1 , The gear locking arms engage with gear bush 8 that is 
attached to rocker arm pipe 2 which by means of groove with cotter 3 causes the driving 
force shaft to rotate in the case of upward wave movement, free-wheeling occurring in the 
case of downward movement. 

15 

The invention will be explained in greater detail below with reference to the drawings in 
which 

Fig. 1 is a top view of the wave force machine, including floats, rocker arms, rocker arm 
20 pipes, driving shafts, balance weights, bearings, toothed wheels, oiling and shaft extend- 
ing to gearbox and electric generator. 

Fig, 2 is the wave force machine seen from one end, including electric hoist, balance 
weight, steel wire, shock absorber, floats, rocker arms and toothed wheels. 

25 

Fig. 3 is a side view of the wave force machine, including floats, rocker arms, balance 
weights, driving shafts, electric hoist, gearbox and electric generator. 

Fig. 4 is a side view of the wave force machine, including a suggestion as to how the force 
30 from the driving shafts can be transferred to gearbox and electric generator. 

Fig. 5 shows rocker arm, rocker arm pipe, driving shaft, one-way bearings, bracing, ad- 
justing nylon washers and gasket between the rocker arm pipes. 
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Fig. 6 shows how the ends of the driving shafts are connected to toothed wheels in such a 
manner that the total force can be transferred to gearbox and electric generator. 

Fig. 7 is a side view of the wave force machine, including a suggestion as to the position* 
5 ing of gearbox and electric generator. 

Fig. 8 is a side view of a rocker arm, including floats, fittings, rocker arm, shock absorber, 
strut for reinforcement, rocker arm pipe, one-way bearings and driving shaft. 

1 0 Fig. 9 shows a suggestion as to how several wave force machines may be intercon- 
nected, seen from above. 

Fig. 10 shows rocker arm pipes including oil canals, clipper $eat protection cover, one- 
way bearings and gasket between two bearings. 

15 

Fig. 1 1 is a side view of the centre of force, including force shafts, toothed wheels and de- 
clutching system. 

Fig. 12 is a side view of force shaft with cardan and motor for declutching. 

20 

Fig. 13 is a top view of the centre of force of the three interconnected wave force ma- 
chines with dedutchings. 

Fig. 14 is a side view of rocker arm pipe, including rocker arm> balance weight, one-way 
25 bearings, groove, clipper seal protection cover, separable rocker pipe, gasket, oil canal 
and holes for oil passage. 

Fig. 15 shows a float. 

30 Fig. 16 shows a float with blade profile. 

Fig. 17 shows wave force machine seen form one end mounted with floats mounted with 
blade profiles. 

35j Fig. 18 shows rocker arm pipe with separable gear locking arms. 
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Fig. 19 shows wave force machines standing separately, forming a star and a hexagon. 

Fig. 20 shows wave force machines connected to form a hexagon with a reduced number 
5 of concrete pillars, gearboxes and electric generators. 

Fig. 21 shows wave force machines connected as star points next to each other in a long 
fine. 

1 0 Fig. 22 shows a rocker arm including float, rocker arm and arm with balance weight. 

Fig. 1 is a top view of the wave force machine, including float 1, strut 2 for reinforcement, 
rocker arm 3, rocker arm pipe 4, wherein lock bearings are provided, balance weight 5, 
toothed wheel 6 interconnecting the force from the force shafts in such a way that the total 
1 5 force from the force shafts 8 can be gathered In gearbox and electric generator 9, 7 
shows an ordinary bearing, wherein the force shaft runs. The drawing shows a wave force 
machine with 38 arms and four force shafts, but in principle the wave force machine may 
be connected to any number of floats, rocker arms and driving force shafts, and the floats 
1 may in principle be designed in any manner. 

20 

Fig. 2 shows the wave force machine seen from one end, illustrating the hoist 1 with steel 
wire 3 and shock absorber 4. The electric hofst can be activated from control box receiv- 
ing information if the wind is too strong, the waves too high, the water temperature too low 
or in the case of any other predetermined activation, and thus raise rocker arms 8 and 
25 floats 6 from the water, so that the wave machine stops and thus Is not destroyed. The 
toothed wheels 7 situated at the end of each driving shaft are interconnected, so the total 
force can be transferred to gearbox and electric generator. 

Fig. 3 is a side view of the wave force machine with hoist In which control box 3 collects 
30 information from anemometer 1 , sensor 4 air temperature, sensor 5 temperature for heat 
in gearbox and electric generator, sensor 6 wave height and sensor 7 water temperature. 
If the control box 3 receives a signal of a predetermined maximum setting, e.g. too high 
wind velocity, too low air temperature, too high waves, too tow water temperature, too 
high temperature In the gearbox and electric generator, or any other predetermined sig- 
35 nal, the control box will pass a control signal on to the electric hoist, wherein electric motor 
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8 is connected by toothed wheel 2 to the shaft 9 which will rotate and cause the wire 18 to 
wind onto the shaft 9, and the rocker arms 14 will be pulled out of the water and the wave 
force machine will stop and not be destroyed by waves too high or other predetermined 
natural conditions. 

5 

Fig. 4 is a side view of the wave force machine, wherein the forces are gathered in e.g. a 
star point with e.g. three wave force machines to a gearbox and electric generator 1 en- 
capsulated in a machine casing and shown herein on a bedplate raisable by means of hy- 
draulics. This system may be necessary if the wave force machine is set up in tidal areas. 

10 

Fig. 5. When the float attached to the rocker arm 5 is affected by a wave, the rocker arm 5 
will move upward and cause rocker arm pipe 1 , one-way bearings 3 and the force shaft 2 
to rotate. Free-wheeling occurs when the rocker arm dives into the wave. Bracing 4 capa- 
ble of receiving the transverse forces from the rocker arm 5 reinforces the rocker arm 5. 
15 To prevent water from flowing into rocker arm pipe 1 and one-way bearings 3, 2 adjusting 
nylon washers with gasket 6 are mounted between each rocker arm pipe 1. 

Fig. 6 is a front and a side view of the shafts and toothed wheels of the wave force ma- 
chine. And a top view. The 2 front view drawings show how the force shafts 6 t 7, 8 and 9 

20 are connected with toothed wheels 1,2,3,10,1 1,12,13 and 14. The wave force machine is 
shown here with 4 force shafts, but in principle it may be made up of any number of force 
shafts, both horizontally and vertically. The total force may e.g. be taken out on a force 
shaft and fed into gearbox 4 and on to electric generator 5. When the wave hits the float, 
causing the rocker arm to move upward, the various force shafts will rotate. And by inter** 

25 connecting them by means of toothed wheels, the total force may be taken out and util- 
ized in the production of electric. The drawing shows the top toothed wheel which has a 
somewhat lower rotation than the bottom toothed wheel solved by means of a gearing. In 
order to gather the force of the top shaft 6 and the bottom shaft 7, so that they rotate in 
the same direction, a toothed wheel 2 is provided between them. The same principle is 

30 applied to force shafts 8 and 9. Force shafts 7 and 8 are connected to the toothed wheels 
1 3 and 14, and the total force is taken out on e.g. force shaft 8 to gearbox and electric 
generator. 
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Fig, 7 shows how gearbox 1 and electric generator 2 are placed in watertight machine 
casing 3, This is important in order to ensure that not toothed wheel, gearbox and electric 
generator are not destroyed by water, which is intake by fresh air intake piece 4. 

5 Fig. 8 shows float 1 with fittings 2 and strut 8 and rocker arm 2 ending in rocker arm pipe 

5 that is moved upward, when ttie wave hits float 1 , together with rocker arm 2, causing 
rocker arm pipe to rotate lock bearings 4 into a tight position and the driving shaft 6 to ro- 
tate. Free-wheeling occurs when float and rocker arm dive Into the wave. If the waves are 
too high, electric hoist and wire 9 are tightened and float and rocker arm are raised from 

10 the water, a shock absorber 3 being provided to relieve shock effects during raising and 
lowering. 

Fig. 9 shows how several wave force machines may optionally be Interconnected. Shown 
herein as a star which is in turn connected to another star. In principle, every wave force 
15 machine rtiay be connected to form any combination. By connecting the machines in this 
manner, the entire system becomes less dependent on the direction of the waves. At the 
same time, reductions can be made with respect to gearbox, electric generator and con- 
crete pillars. This renders the wave force machines more cost-effective. 

20 Fig. 10 in order to make the spacing between each rocker arm pipe 5 watertight, it fs nec- 
essary to place clipper seal 3 between one-way bearings 4 and gasket between bearings 

6 and on top of rocker arm pipe 5 a protection cover 2 keeping out the water, the entire 
system now being sealed off from intrusion of water. For cooling there are oil canals 1. 

25 Fig. 1 1 where the force shafts are joined in a centre of force, it is shown how each force 
shaft can be declutched, if e,g. a gearbox or electric generator Is to be repaired or some- 
thing else happens that necessitates declutching. By means of a motor for declutching 3, 
the force shaft 1 may be removed from toothed wheel 7. When the force shaft is to en- 
gage once again with toothed wheel 7, motor declutching 3 te relieved, and spring 4 will 

30 ensure that the force shaft 1 falls into place in toothed wheel 7, the entire system being 
protected against water by a motor room 2. 

Fig. 12 force shaft with cardan joint and declutching. Toothed wheel 1 , sliding bush 4 and 
spring 2 are mounted over sliding grooves 3, motor 7 providing for clutching and de- 
35 clutching. By means of the system, each wave force machine may e.g. be declutched. In 



WO 01/92644 



PCT/DK01/00317 



8 

e.g. a large system with several gearboxes and electric generators, electric generators 
may be declutched as the waves diminish and the force from each individual wave force 
machine decreases, in order to continue the production of electricity, but with a smaller 
number of electric generators. 

5 

Fig. 13 shows a star point, shown herein with e.g. 3 wave force machines and 3 force 
shafts, cardan shafts 1,2 and 3, engaging with a common toothed wheel 4 capable of 
passing on the total force to gearbox and electric generator, everything being placed in a 
watertight machine casing 5. 

10 

Fig. 14 shows a rocker arm 8 with balance weight 9, including separable rocker pipe with 
protection cover 6, so that water cannot intrude. This system provides the feature that if 
e.g, one bearing breaks, it is not necessary to detach the entire driving shaft and the indi- 
vidual one-way bearings and rocker arms, but only to remove the defective rocker arm. 

15 

Fig. 15 shows a float utilizing the upward force from the wave in a better and more effi* 
cientway. 

Fig. 16 shows a float, shown herein as a pyramid, on which, in this case, 3 blade profiles 
20 are mounted, but in principle any number of blade profiles may be mounted thereto. When 
the wave passes the float, an excess pressure will form above the blades, and this force 
will cause the float to move even more upward. 

Fig. 17 shows the wave force machine provided with blade arms. Blade arms are intended 
25 to be used in waters with strong current, it could e.g. be in Ultebaalt, a river bed or any 
other area of water current. The blades 1 function in the way that they can be turned up* 
ward or downward. This is controlled by means of a computer programme, so blades 1 
are moving either upward or downward all the time, 

30 Fig. 18 shows rocker arm pipes 2 with gear locking arms. The advantage of using gear 
locking arms is that ordinary ball bearings can be used, said ball bearings being separable 
in both ends of the rocker arm pipe, and that everything is separable and replaceable in 
the case of defects. The gear bush is divided into two pieces held in place by means of 
groove and cotter 3. The gear locking arms 7 function in the way that the gear arms 7 are 

35 attached to the through-going shaft 1 1 . When the rocker arms 1 start moving up and 
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down, the gear arms engage with the gears of the two-piece gear bush 8 Immediately, 
causing the shaft 1 1 to start to rotate. The teeth of the gear arm are positioned closer to- 
gether than the teeth of the two-piece gear bush, providing a quicker firm grip, everything 
being operated in grease, which means that no maintenance id required. 

5 

Fig. 19 shows suggestions as to different ways of interconnecting the wave force ma- 
chines. By e,g. interconnecting 3 wave force machines to form a star, it is rendered more 
independent from the direction from where the waves are coming. At the same time a 
gearbox and electric generator may be placed in the star point. This is a reduction of 2 

10 gearboxes and electric generators, as opposed to each wave force machine being placed 
separately. At the same time the number of concrete pillars may be reduced. In the case 
of three separate wave force machines, 6 concrete pillars are used. By placing them to 
form a star, this number may be reduced to 3 concrete pillars, providing considerable 
cost-savings, As shown at the bottom of Fig, 19, 12 wave force machines may also, as 

1 5 shown herein, be joined to be Interconnected, and the force is transferred to the 3 gear- 
boxes 5 an on to electric generator 4. Only 12 concrete pillars are required in this shown 
situation. But in principle the wave force machines may be Interconnected in any way and 
by use of any number of concrete pillars, gearboxes and electric generators. 

20 Fig. 20 shows 12 wave force machines having 9 concrete pillars 3, 3 gearboxes 5 and 3 
electric generators 4, resulting in a further reduction of concrete pillars and thus providing 
cost-savings and a more cost-eflfective production machinery. But in principle the wave 
force machine can be interconnected to form any combination. 

25 Fig. 21 shows another way of interconnecting the wave force machines. But in principle 
they can be interconnected to form any conceivable combination. 

Fig. 22 shows a rocker arm with float, rocker arm and arm with balance weight for bal- 
ancing the weight on the float side, as the upward force increases and is utilized in a bet- 
30 terway. 



35 
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Claims 

1 . A wave force machine capable of utilizing the upward force from the waves by (Fig. 1), 
5 characterised in that the force from float/pontoon 1 and rocker arm 3 via rocker arm pipe 

4, wherein 1 or more lock bearings are provided, which transfer the force to the driving 
force shaft 8. 

2. A wave force machine according to claim 1 with (Fig. 1) rocker arms 3, characterised in 
1 0 that rocker arm 3 after rocker arm 3 may be mounted on said driving force shaft. 

3. A wave force machine according to claims 1 and 2 with rocker arms (Fig. 6) 15, char* 
acterised in that two or more force shafts 6,7,8 and 9 are interconnected both horizontally 
and vertically to toothed wheel 1 ,2,3,10,1 1 ,12,1 3 and 14. 

15 

4. A wave force machine according to claims 1,2 and 3 with rocker arms, characterised in 
that several wave force machines may be interconnected to form e.g. a star (Fig. 9) or any 
other combination. 

20 5. A wave force machine according to claims 1 ,2,3 and 4 with rocker arms, characterised 
in that several wave force machines with a star point may be e.g. interconnected to form a 
hexagon (Fig. 20) or any other combination. 

6. A wave force machine having an electric hoist for raising rocker arms according to 
25 claims 1 ,2,3,4 and 5, characterised in that (Fig. 3) electric motor 8 with toothed wheel 2 
transferring, when activated, the force to shaft 9, to which wires 18 are attached, and a 
shock absorber (Fig. 2) 4 being attached to the rocker arms (Fig. 2) 14 on the wave force 
machine. 

30 7. A wave force machine according to claims 1 ,2,3,4,5 and 6 having rocker arms (Fig. 2) 
8, characterised in that rocker arm 8 is mounted with balance weight (Fig. 2) 2, also illus- 
trated (Fig. 14) by rocker arm 8 and balance weight 9. 

8. A wave force machine according to claims 1 ,2,3,4,5,6 and 7 having rocker arms, char- 
35 acterised in that a control box (Fig. 3) 3 is mounted for controlling electric hoist, said con- 
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trol box including anemometer 1, sensor air temperature 4, sensor temperature gearbox 
and electric generator 5, sensor wave height 6 and sensor water temperature 7, 

9. A wave force machine according to claims 1 ,2,3,4,5,6,7 and 8 having rocker arms, 

5 characterised by motor declutching (Fig. 1 1) 3 in the centre of force 3 on each force shaft 
1,2,3. 

10. A wave force machine according to claims 1,2,3,4,5,6,7,8 and 9 having rocker arms, 
characterised in that each float and rocker arm (Fig. 14) 8 with balance weight 9 has a 

1 0 separable rocker arm pipe 1 . 

1 1 . A wave force machine according to claims 1 ,2,3,4,5,6,7,8,9 and 1 0 having rocker 
arms, characterised In that one or more gear locking arms (Fig. 18) 7 is/are provided 
within each rocker arm pipe, each gear locking arm being attached to driving shaft 1 1 . 

1 5 The gear locking arms engage with gear bush 8 being attached in rocker arm pipe 2 by 
means of groove with cotters 3. 

12. A wave force machine according to claims 1,2,3,4,5,6,7,8,9, 10 and 11 having rocker 
arms, characterised in that each float is a round buoy with a conical hopper (Fig. 8), 

2Q 
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